Non-predatory specific mortality (NPSM) 
Introduction
Dynamics of zooplankton populations are known to be of great importance for overall functioning of aquatic ecosystems. Abundance of zooplankton evidently depends on two factors: growth (somatic and generative) and mortality.
Meanwhile, data on mortality are very sparse compare to that of growth due to methodical problems (e.g., Polishchuk and Ghilarov, 1981) .
Consumption by predators, fish (e.g., Luecke et al., 1990; Hulsmann et al., 1999) and invertebrates (e.g., Razlutskij, 1996; Wojtal et al., 1999) are often the main cause of zooplankton mortality in many locations and seasons. Nevertheless, nonpredatory mortality also can play a determinant role (Luecke et al., 1990; Boersma et al., 1996; Mehner et al., 1998; Dubovskaya et al., 1999; Hulsmann and Weiler, 2000; Hulsmann and Voigt, 2002) . In general, causes of non-predatory mortality of zooplankton are believed to be limiting physical and chemical factors, disease, senescence (Velimirov, 1991) and also food (edible phytoplankton) limitation (Luecke et al., 1990; Boersma et al., 1996) . However, particular causes of variations of the non-predatory mortality in diverse sites and periods are still unknown. Nonpredatory mortality estimations were indirect and included double error, connected with estimations of birth rate and consumption by fish. Finding of any quantitative correlation of such unreliable value with potentially determinant ecological factors seemed to be doubtful. Since a direct method for measuring of non-predatory specific mortality (NPSM) has been elaborated (Gladyshev et al., 2003a; Dubovskaya et al., 2003) , it gives a chance to study particular causes of variations of this type of mortality.
The aim of present study was to evaluate possible causes of seasonal variations of nonpredatory specific mortality of two dominant zooplankton groups in a small Siberian reservoir. Physical (temperature), chemical (pH, dissolved oxygen) factors and biomass of dominant phytoplankton taxa were considered.
As found previously on the basis of a set of biotests, including a standard Daphnia bioassay (Dubovskaya et al., 2002) , there was no toxicity in the reservoir during the studied period. Hence, toxicity was excluded from the consideration.
Meanwhile, biochemical quality of seston, namely levels of polyunsaturated fatty acids (PUFA) of ω3 family, which are known to be of importance for zooplankton population dynamics (MullerNavarra, 1995; Gulati and DeMott, 1997; von Elert, 2002; Bec et al., 2003) , were also studied as possible factors that influenced the mortality.
Study site, Materials and Methods
The study was undertaken in a reservoir, locally called as Bugach pond, situated 56°03' N and 92°43' E in the Bugach river (secondary tributary of the Yenisei River). Its surface area is about 0.32 km 2 , and its maximum depth is 7 m.
Detailed descriptions of the reservoir ecosystem are given elsewhere (Gladyshev et al., 2001 , Sushchik et al., 2003 . Reservoir was sampled weekly from May to September in 1997-2000 from a site near the middle (station No.1). Samples were taken with an 8-L Ruttner-like sampler and were pooled from depths 1-2 m.
Field measurements and sampling
Water temperature and dissolved oxygen
were measured with a meter N5221 (MERA-ELWRO, Poland); pH was measured using meter "pHep-2" (Hanna Instruments, USA).
Phytoplankton samples of 0.15-0.5 L volume were filtered through 'Vladipor' filters (Mytischi, Russia) (pore size, 0.75-0.85 µm). Microalgae were counted and identified under a microscope.
To calculate biovolume and wet biomass of algae, they were equated to appropriate geometrical shapes (or their combinations) and relevant sizes were measured using an ocular micrometer (LOMO, St-Petersburg, Russia).
Zooplankton samples (16-32 L) were filtered through a plankton net (mesh size, 0.08 mm), stained with aniline blue to distinguish between live and dead organisms (Seepersad and Crippen, 1978; Gladyshev, 1993) and fixed with 10% formalin. Zooplankton were counted and identified under a microscope.
Fatty acid analysis
To assay particulate fatty acids (FAs), 100 mL water samples were first filtered through the 0.08-mm nylon mesh. The seston was then collected from these prescreened water samples by vacuum filtration onto membrane filters 'No.8
Vladipor' (pore size 0.75-0.85 µm) precovered with a layer of BaSO 4 to facilitate the separation of residues. The filters were dried at 35 °C for about 30 min, and the residues then separated from filters, placed into methanol and frozen. Further FA analysis is described in detail elsewhere (Gladyshev et al., 2000) . Briefly, lipids were extracted by chloroform-methanol (2 : 1, v⁄v) three times. After evaporation of the solvent, 
Mortality estimation
Non-predatory specific mortality (NPSM) was measured using the method, described by Gladyshev et al. (2003a) . Briefly,
where m i is non-predatory specific mortality (NPSM, day 
Statistical analysis
Canonical correlation analyses (CCA) was carried out by conventional way (Jeffers, 1981) , using STATISTICA 6.0 software (StatSoft, Inc.).
Results

Physical and chemical factors
Water temperature (Fig. 1a) Mink. were subdominant.
Polyunsaturated fatty acids
Level of 18:3ω3, α-linoleic acid (ALA), had a mid-summer maximum in 1999 and an AugustSeptember maximum in 2000 (Fig. 2a) . Level of 20:5ω3, eicosapentaenoic acid (EPA), in both years of sampling peaked at the beginning and at the end of growing seasons (Fig. 2b) . (Fig. 2d) .
The dynamics of abundance of subdominant zooplankton species -adult females of Cyclops vicinus Uljanine, like that of Daphnia, was irregular ( Fig. 2e) and NPSM also was high during population declines and low abundance (Fig. 2f) .
Canonical correlation analysis
To reveal possible interactions between studied components of the ecosystem, the multivariant statistical technique, canonical correlation analysis, was used. Percentage of total variance extracted in left set was very high. R 1 value was also high, although statistically insignificant (Table 3) .
These values in general indicate comparatively high interactions between the two sets of variables, but such conclusion needs a following statistical verification. The low statistical significance could be due to the low number of valid cases, and also due to non-linearity of relations between the variables. Indeed, a visual analysis of the scatter plot of the canonical correlation, pertained to the first canonical root, indicates that the relationship seems to be non-linear (Fig. 4) . (Boersma et al., 1996; Mehner et al., 1998; Romare et al., 1999; Hulsmann and Weiler, 2000) . Such ecological factors, as water temperature, pH, concentration of dissolved oxygen in the studied site did not influence NPSM value. Evidently, levels of these factors (and their combinations) during the studied period were within limits of tolerance. Biomass of diatoms, cyanobacteria and euglens also did not affect the mortality.
Probably, biomass of euglens was on the average too low to influence population of Daphnia.
Cyanobacteria, which may exude toxins (e.g., Rohrlack et al., 1999) seem to be harmless in the studied period. Indeed, during toxicological studies in the reservoir (Dubovskaya et al., 2002) , besides Daphnia test, a multi-enzyme test, particularly sensitive to cyanobacterial exudations (Kratasyuk et al., 2001 ) was applied and revealed no toxicity. As to diatoms, it was found earlier (Sushchik et al., 2003) , that at least some species had comparatively low nutritive value, i.e., their biomass did not correlate with EPA level in seston.
This early observation may explain the absence of correlation between biomass of diatoms and NPSM of Daphnia, revealed in present study.
The most substantial effect on NPSM of Daphnia was produced by EPA level in seston. Evidently, some other factors, omitted in our study, e.g., POC <30µm concentrations (Hulsmann and Voigt, 2002) or primary production of edible phytoplankton <30 μm (Kamjunke et al., 1999) , may likely explain a substantial residual part of the non-predatory mortality variance. This assumption may be supported by our finding, that green algae, primarily of edible sizes <30 µm, provided significant negative influence on Daphnia mortality value (Table 2) , although less substantial than those of EPA and ALA (Table 3) .
Besides the food supply, other ecological factors, such as diseases and parasites (Stirnadel and Ebert, 1997; Bittner et al., 2002) , also could be the causes of non-predatory mortality. It is interesting to remark, that a study of epibiontic microalgae of Daphnia in the Bugach reservoir (Dubovskaya et al., 2005) revealed, that the epibionts did not increase non-predatory mortality of the zooplankton, but could increase namely predatory mortality, since individuals covered with colored microalgae, were more conspicuous and vulnerable for planktivorous fish (Willey et al., 1990; 1993) . The Bugach reservoir is inhabited by several species of planktivorous fish, among them Carassius auratus Linnaeus, Leucaspius delineatus Heckel are rather numerous (Gladyshev et al., 2003b) . Nevertheless, bacterial or viral species-specific infection also may be one of causes of non-predatory mortality (Gries and Gude, 1999) .
Concerning Cyclops we suppose that causes of mortality of this species remain unrevealed, since results of CCA of matrix No. 2 were ambiguous. If assume, that the extreme point (Fig. 3) , provided the high value of the correlation coefficient, was valid rather than accidental, this would mean positive direct influence of an increase of biomass of green algae on an increase of mortality of Cyclops (Table 2) . Such influence looks like doubtful. Although cyclopoids may not utilize some hard-walled green algae due to lack of cellulase in their guts, C. vicinus was proven to survive and develop on a pure algal diet, included greens (Hansen and Santer, 1995 (Table 3) . It should be remarked, that the mortality of Cyclops in the reservoir on the average was substantially higher (Fig. 2f) , than that in laboratory conditions, 0.001−0.014 day , obtained by Hansen and Santer (1995) . We believe that some peaks of adult Cyclops NPSM may be the result of physiological aging after reproductive period, but the others may be caused by different factors, particularly by diseases and parasites, omitted in our study.
Conclusion
In summary, a decrease of food quality, rather than those considered in present study.
